In a world where invasive alien species (IAS) are recognised as one of the major threats to biodiversity, leading scientists from five continents have come together to propose the concept of developing an international association for open knowledge and open data on IAS-termed "INVASIVESNET". This new association will facilitate greater understanding and improved management of invasive alien species (IAS) and biological invasions globally, by developing a sustainable network of networks for effective knowledge exchange. In addition to their inclusion in the CBD Strategic Plan for Biodiversity, the increasing ecological, social, cultural and economic impacts associated with IAS have driven the development of multiple legal instruments and policies. This increases the need for greater co-ordination, co-operation, and information exchange among scientists, management, the community of practice and the public.
Background
Increasing travel, trade, agriculture, tourism, as well as globalization and/or human expansion have continued to facilitate intentional and unintentional movement of species beyond their natural borders (Lenda et al. 2014; Canning-Clode 2016) . A great many of these alien species have become invasive and had extraordinary environmental, ecological, economic, societal, and cultural impacts in recipient communities. For example, invasive alien species (IAS, for definitions in this paper see Box 1) are considered one of the main drivers of global biodiversity loss [CBD 2016; Millenium Ecosystem Assessment 2005 (http://www.millenniumassessment.org)]. They can also cause severe economic losses, risks to animal, plant and human health and create societal and cultural impacts (Vilà et al. 2010; Cliff and Campbell 2012; Conn 2014; Mazza et al. 2014; Katsanevakis et al. 2014; Ojaveer et al 2015; Bellard et al. 2016; Pergl et al. 2016 ). Furthermore, these effects are expected to accelerate as more species spread beyond their historic borders due to (1) further globalization; (2) land-use and sea-use change; (3) climate change (Bellard et al. 2013; Seebens et al. 2015) ; (4) spatiotemporal changes in IAS vectors and pathways, and (5) the effects of complex interactions between all these factors (Walther et al. 2009; Essl et al. 2015; Galil et al. 2014a, b; Galil et al. 2016) .
Global policy and decision makers have responded to the growing challenges posed by IAS with the development of legal instruments, such as the EU Regulation on Invasive Alien Species (EU 2014; Genovesi et al. 2015; Tollington et al. 2015) . There are also voluntary codes of conduct, such as "A code of conduct on invasive alien species for Europe's botanic gardens" (Heywood and Sharrock 2013 Additionally, in the arenas of global human health and international pandemic preparedness, there are concerns with international dissemination of disease vectors and reservoirs, many of which are proven or potentially IAS. These are addressed in numerous articles of the International Health Regulations (IHR 2005) , administered by the United Nations (UN) and coordinated through the World Health Organization (WHO).
Environmental management should be evidencebased (Sutherland et al. 2004) . Having access to sufficient accurate information on invasive alien species with regard to their pathways of introduction, life history, evolution, distribution, abundance, impacts, and effective control and containment strategies will improve the effectiveness of IAS regulations, risk analysis and management. Risk assessments for new IAS species conducted in one location are inherently dependent on high-quality data (e.g., environmental variables describing suitable habitats) from all donor regions. As researchers around the world are working to assess the same pathways, vectors and species , using similar tools for management, there is a clear need for global coordination of data and lessons learned to avoid redundancies, increase consistency, and to advance research efficiency. The knowledge base in invasion science needs to be more comprehensive for IAS management, including information on ecological, cultural, social and economic challenges (Esler et al. 2010; Ojaveer et al. 2015) .
The scientific community plays a critical role in generating informed, reliable, high quality, and evidence-based IAS-related information. Targeted efforts are needed for transferring this knowledge in efficient ways to decision makers, environmental managers and the general public. Concurrently, IAS researchers should work with stakeholders, in particular, managers and practitioners who experience day-to-day problems caused by IAS. As such, developing efficient evidence-based IAS information not only requires increasing the amount of information produced by the scientific community, but doing so in a way that reshapes how knowledge is exchanged and used in practice (Young et al. 2014 ). In addition, information from communities of practice (Wenger et al. 2002) can provide guidance for managers in the science-management knowledge interface (Roux et al. 2006) , and this gives a dual flow to the knowledge base ( Figure 1 ).
Since the mid-1900s civic awareness of invasive species issues has greatly increased (Lowry et al. 2013) , with a consequent need to prioritize the development and adoption of innovative and effective communication tools and methods for use by IAS Box 1. Definitions.
For the present paper, we use definitions adopted by Decision VI/23 of the Conference of the Parties to the Convention on Biological Diversity at its sixth meeting, The Hague, 7-19 April 2002 (CBD 2002 . Specifically, "alien species" refers to a species, subspecies or lower taxon, introduced outside its natural past or present distribution; includes any part, gametes, seeds, eggs, or propagules of such species that might survive and subsequently reproduce; "invasive alien species" means an alien species whose introduction and/or spread threaten biological diversity (For the purposes of the present guiding principles, the term "invasive alien species" shall be deemed the same as "alien invasive species" in decision V/8 of the Conference of the Parties to the Convention on Biological Diversity); "introduction" refers to the movement by human agency, indirect or direct, of an alien species outside of its natural range (past or present). This movement can be either within a country or between countries or areas beyond national jurisdiction;
"establishment" refers to the process of an alien species in a new habitat successfully producing viable offspring with the likelihood of continued survival; "risk analysis" refers to: (1) the assessment of the consequences of the introduction and of the likelihood of establishment of an alien species using science-based information (i.e., risk assessment), and (2) the identification of measures that can be implemented to reduce or manage these risks (i.e., risk management), taking into account socio-economic and cultural considerations. stakeholders (Caffrey et al. 2014; Daume 2016; Adriaens et al. 2015) . Following their development, these new technologies, such as downloadable software applications ("Apps") often funded by projects, require an assessment and evaluation process to determine their long term efficacy. Recently, the implementation of new open data governmental policies and initiatives (e.g., US Exec. Order No. 13642 2013; Bouchout Declaration 2014; IPBES 2016) has resulted in strong encouragement for wide dissemination of reliable IAS-related information. In this regard, new IAS smart tools are an effective way to engage citizen science and to increase knowledge flows.
Citizen science can be a useful way to support research and monitoring for IAS by providing valuable information across spatial and temporal scales (providing that "citizen science" is accompanied by rigorous protocols of quality assurance and quality control). By mapping, integrating and coordinating reliable and verified IAS data sources, citizen science can capture information that otherwise would be unfeasible to document via professional surveys alone (Crall et al. 2010; Crall et al. 2015; Roy et al. 2015; Pocock et al. 2016 ). Not only does this contribution address data deficiencies, citizen science provides additional benefits to society, including reduced cost and improved science and technology literacy among participants (Crall et al. 2015) . Public engagement contributes to a better understanding of IAS across society and is crucial for tackling a global environmental issue like IAS.
The European Commission Open Access policy aims to optimise the impact of publicly Many projects and programmes have received funding to research and act as IAS information sources. However, problems with economic sustainability have already resulted in the closure or suspension of several global and regional initiatives on IAS, including the Global Invasive Species Programme (GISP 2010). Further development of many important information resources on IAS is also hampered by time-limited grants [e.g. AquaNIS 2015; DAISIE 2016; GISD 2016; GISIN 2016; NIMPIS 2009; NOBANIS 2016; WRIMS (Pagad et al. 2016) ]. Sustainability is always a challenge and is exacerbated by economic downturns that often increase funding cuts and reduce the effectiveness of fund raising initiatives. Invasive species are long-term concerns and require long-term strategic funding and direction to weather the effects of short-term economic downturns and political attention and funding cycles (the issueattention cycle sensu Downs 1972) . Sustainability is also a concern for regional, national and local IAS activity, including national information systems, expert networks, and monitoring systems, many of which act as primary sources of information for global initiatives (Katsanevakis et al. 2013; Vanderhoeven et al. 2015) . This problem is not unique to IAS, but to all data and information infrastructures (Costello et al. 2014) , and this problem can be mitigated if the infrastructure is globally significant, comprehensive, high quality and with strong support from the scientific community (Costello et al. 2014) .
Scientists and environmental managers recognize that the momentum created by many communication initiatives needs to be maintained in the long term (Ricciardi et al. 2000; Simpson et al. 2006 ). Hence, there is an urgent need for a new global initiative to sustainably link existing expert networks and initiatives on IAS (for a list of current IAS-related networks and initiatives involving authors of this viewpoint paper, see Box 2) with an expanded spectrum of interested stakeholders. This would also support already existing and worthwhile initiatives, while enabling innovative communication methods and relevant services for all interested bodies, in particular the scientists and citizen scientists who both provide and use IAS-related data and other research outputs. In this regard, existing thematic open access journals (Kühn et al. 2011; Panov et al. 2011; Lucy and Panov 2012; Campbell 2013 ) may serve as a core element for such an initiative, with the ultimate aim of developing a widely sustainable network of networks on IAS.
Concept The International Association for Open Knowledge on Invasive Species (INVASIVESNET) is a new
bottom-up initiative created by concerned scientists aimed at developing a sustainable global network of networks on IAS. The Association will be formed by linking interested stakeholders and their networks including scientists and citizens, international and national expert working groups and initiatives, database managers, editorial boards of thematic open access journals, interested environmental agencies, practitioners and managers, affected and responsible industries, non-governmental environment protection organizations and educational bodies. The association will work as a community of practice, allowing networking opportunities, knowledge sharing and learning for each participant. This will promote more coordinated and managed ways to co-operate and to openly communicate research results so that IAS management can be more efficiently transferred among all levels.
INVASIVESNET aims to produce high-quality communication, information, publication and education services (Figure 2) . By recruiting all interested and committed stakeholders as members of INVASIVESNET and through collaborative activities, we will maximize the sustainability of this initiative, while also taking due consideration of all member interests. Consistent with the journal activities of many long-established scientific associations, the sustainability of this initiative will also be maintained via the incorporation of existing thematic open access journals as a core linking element of INVASIVESNET (Figure 2) . 
Box 2. Thematic expert networks and other IAS-related initiatives served by authors.

IAS-related Networks
Our Mission
To alien species to all stakeholders globally will be a priority objective of the association. The latter will occur primarily via the publication of thematic open access journals (associated with INVASIVESNET) and by knowledge provision and editing of existing open databases on IAS. The association will facilitate free access to results of scientific research in the areas of biological invasions and invasive species globally, and, specifically, will encourage open access publications by scientists and other data holders. This is very much in line with the principles of the EU council on the transition towards an open science system (Council of the EU 9526/16). INVASIVESNET will also work on development of relevant funding infrastructure to support open access publications on IAS, and will work with commercial publishers to ensure free access to all IAS-related research and data published in their journals and books in the long-term.
Legal status and Administration
INVASIVESNET will be a not-for-profit nongovernmental international organization (open professional association). An International Council and Board representing major international thematic working groups and networks will be formed and will draft founding documents and lead the legal formation of the association. The first governing bodies of the association will be constituted from volunteers among the founding individuals and organizations. Eventually a small but agile secretariat will be formed to carry out administrative tasks. Different options for INVASIVESNET membership may be offered, such as organizational and individual, and membership fees will constitute the main funding stream for the association (e.g., http://www.iufro.org). Additional INVASIVESNET sponsorship may also be sought via individuals, organizations, through provision of services, or through crowdsourcing options.
